Fluorescence imaging of lipid peroxidation in isolated rat lungs during nonhypoxic lung ischemia.
We have shown previously that ischemia results in reactive oxygen species production by lung endothelium that occurs within 3-5 s after flow cessation and is followed by lipid peroxidation at 15-30 min as determined by assay of thiobarbituric acid-reactive substances, conjugated dienes, and protein carbonyls in lung homogenate. The present study evaluated membrane lipid peroxidation in isolated, ventilated rat lungs using a fluorescence imaging method that permits continuous observation of pulmonary subpleural microvascular endothelial cells in situ. Diphenyl-1-pyrenylphosphine (DPPP), a fluorescent probe which localizes in the plasma membrane and shows increased fluorescence emission after its oxidation by lipid hydroperoxides, was used for detection of membrane lipid peroxidation. Compared to continuously perfused control lungs, endothelial cell DPPP fluorescence increased significantly within 1 min of ischemia (i.e., flow cessation); these changes were prevented by pretreatment with 0.5 mM alpha-tocopherol succinate (vitamin E) added to the perfusate. Increased DPPP fluorescence was confirmed by spectrofluorometry of lipid extracts of lung homogenates. These data indicate that DPPP can be used for the real-time detection of lipid peroxidation in an intact organ. Ischemia results in peroxidation of the pulmonary microvascular endothelial cell membrane and this insult can be detected as early as 1 min after the onset of ischemia compatible with a radical-mediated process.